The Red-footed Booby (S&I s&z) nests in low bushes and trees in the Hawaiian Islands. The environmental conditions at the nesting site are extremely demanding (Howell and Bartholomew, Condor 64:6, 1962).
MATERIALS AND METHODS
Two adult, female Red-footed Boobies were studied in the nesting colony established at Sea Life Park on the Island of Oahu. One of the birds was tested on two separate occasions. The deep-body temperature of the birds was recorded by feeding a "radio-pill" (Fox et al., J. Physiol. London 160:22, 1962) to the bird, in a fish. The radio pills were able to detect changes in temperature of O.l"C, but the highest temperature that the pill was able to record varied in different pills. Its signal was detected by an antenna concealed near the nest, and a receiver (Rigel Instrument Co. Ltd.) approximately 25 ft away from the nest. Air temperature varied between a maximum of 30°C during the day and a minimum of 21.6"C at night. The amount of radiant heat im- pinging on the bird was estimated by means of black globe thermometer readings. Gular flutter rates were counted with the aid of a stopwatch.
RESULTS
Two separate experiments on one of the birds, a female, are illustrated in figure 1. On the first occasion, the telemetry capsule was fed to the bird while it was on the nest, at 10:15. Temperature readings were obtained until the bird left the nest at 19:45.
The booby returned the next morning at 05:30, but the transmitter had been passed, presumably while the bird was feeding at sea. While the transmitter was in the bird, the booby was able to keep its body temperature below 4O"C, although it was exposed to direct sunlight. During this time, the bird was observed to gular flutter at a rate of approximately 450/min. During the latter part of the afternoon, when the sun was obscured by cloud, the body temperature diminished and gular flutter did not occur at body temperatures below 39.3"C. The bird displayed a number of the behavioral thermoregulatory responses described by Bartholomew (Condor 68:523, 1966) for the Masked Booby during the course of the day. Its wings were held away from the body, the scapular feathers were elevated, and the bird tended to orientate its body so that the bill pointed away from the sun. In addition, the bird sometimes adopted a characteristic posture in which the body was tilted, head down, so that the entire head was in the shade of the bird' s body. This was also observed in other boobies that were perched on adjoining branches of the tree or on rocks ( fig.  2) . In this posture, the bird appeared to be asleep and it did not gular flutter.
In the second test on the same booby, the radio pill was fed to the bird in the evening at 20:40, shortly after the female had returned to the nest after an absence of at least 12 hr. Unfortunately, the bird' s temperature was beyond the range of the radio pill used on this occasion. Approximately 2 hr after the bird had returned to the nest, it was held gently and its rectal temperature taken by insertion of a mercury thermometer.
The rectal temperature was 40°C. Forty-five minutes later, the bird' s temperature could be detected by the radio pill ( fig. 1) . In spite of its relatively high deep-body temperatures, the booby did not display any indication that it was heat stressed. Gular flutter was absent and so also were the behavioral manifestations of heat stress observed in the previous test. The body temperature of the booby diminished while the bird was asleep ( fig. 1 ). At 05:45, the booby awoke and exchanged positions on the nest with the male bird. It appeared to shiver at this time and the deep-body temperature increased ( fig. 1) . At the end of the test, shivering was again observed, but on this occasion it was prompted by the feeding of 10 cold fish ( fig. 1) . During the day, the body temperature of the bird increased to a maxi- The final experiment was performed on a second female shortly after she had returned to the nest, presumably after she had spent the night fishing at sea. Her initial deep-body temperature was high (41.8"C).
The birds temperature diminished during the day. Her behavior pattern during exposure to the sun was similar to that of the other bird. Gular flutter was obsen/ed and its occurrence was quite clearly related to the incidence of direct sunlight. The radio pill was recovered approximately 11 hr after it had been fed to the bird.
DISCUSSION
Several conclusions may be drawn from this study. In the first place, the range of body temperatures was similar to that determined by Howell and Bartholomew (op. cit.). It is noteworthy that the highest body temperatures were recorded immediately after the booby returned to the nest, presumably after flying continuously over the ocean. This conforms with the observation that flight of a few minutes duration by one of the birds, away from the nest, resulted in an increase in body temperature of 0. The pattern of thermoregulatory behavior in the Red-footed Booby was very similar to that described in the Masked Booby (Bartholomew, op. cit.). In addition, the head-down posture of the boobies observed in the present study seemed to be an effective behavioral response to heat. Gular flutter was never observed when the deepbody temperature was lower than 39.3"C.
On the other hand, gular flutter occurred at body temperatures in excess of this value only when the bird was exposed to direct sunlight.
Gular flutter occurred within a few seconds of the emergence of the sun from behind a cloud. This observation would concur with that of Howell and Bartholomew (op. cit.). Clearly, the deep-body temperature has to exceed a certain value before gular flutter occurs and, equally clearly, when the body temperature exceeds this value, gular flutter occurs only in the presence of radiant heat, at least at the air temperatures encountered in the present study. The effectiveness of gular flutter is attested by the fact that the deep-body temperature of the bird while it was continuously engaged in gular flutter never exceeded 39.9"C ( fig. 1) .
It is interesting that shivering was observed when the birds awoke in the early morning hours. The air temperature at that time was approximately 22°C FIGURE 2. Characteristic posture of a Red-footed Booby during exposure to direct sunlight. The head is tilted down and the bird appears to be asleep. while the deep-body temperature was 38.6"C (fig.  1) .
This probably reflects a lowering of the setpoint for temperature regulation during sleep (Hamme1 et al., J. Applied Physiol. 18:1146, 1963). It would, however, be valuable to have some information on the lower critical temperature of tropical sea birds.
